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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device which has a function equivalent 



to a SAW(surface acoustic wave) device and can be easily miniaturized with 
reduction of its cost by combining an Si substrate with an LiNb03. substrate so 
as to secure the specific cut face and transmission direction. 
SOLUTION: A dielectric film 4 having the comb-line grooves 3 is formed on the 
main side of an Si substrate 2, and these grooves 3 are filled with a conductive 
material to form a comb-line electrode 5. Then an LiNb03 a substrate 6 is 
bonded on the substrate 2 in order to obtain an acoustic boundary wave device. 
The substrate 2 is combined with the substrate 6 so as to secure a [001] cut face 
and a <1 10> transmission direction for the substrate 2 and to secure a 175° 
rotation cut face and an X transmission direction for the substrate 6 respectively. 
It's desirable for the substrate 2 to have high resistance of 10Qcm or more to 
prevent the DC leakage caused by the electrode 5. The area of the main side of 
the substrate 6 is smaller than that of the main side of the substrate 2 and 
includes only an effective area that is necessary at least for transmission of the 
acoustic boundary wave. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the elastic boundary wave device with which an elastic wave 
spreads two substrates to lamination and these interfaces, one substrate is an Si 
substrate of [001] cuts and <1 10> bearing propagation, and the substrate of 
another side is LiNb03 of a 175-degree rotation Y cut and X bearing propagation. 
Elastic boundary wave device characterized by being a substrate. 
[Claim 2] It is the elastic boundary wave device with which an elastic wave 
spreads two substrates to lamination and these interfaces, one substrate is an Si 
substrate of [001] cuts and <1 10> bearing propagation, and the substrate of 
another side is LiNb03 of a 125-degree rotation Y cut and X bearing propagation. 
Elastic boundary wave device characterized by being a substrate. 
[Claim 3] It is the elastic boundary wave device with which an elastic wave 
spreads two substrates to lamination and these interfaces, one substrate is an Si 
substrate of [001] cuts and <100> bearing propagation, and the substrate of 
another side is LiNb03 of a 133-degree rotation Y cut and X bearing propagation. 
Elastic boundary wave device characterized by being a substrate. 
[Claim 4] It is the elastic boundary wave device with which an elastic wave 



spreads two substrates to lamination and these interfaces, one substrate is an Si 
substrate of [001] cuts and <100> bearing propagation, and the substrate of 
another side is LiNb03 of a 175-degree rotation Y cut and X bearing propagation. 
Elastic boundary wave device characterized by being a substrate. 
[Claim 5] It is the elastic boundary wave device with which an elastic wave 
spreads two substrates to lamination and these interfaces, one substrate is an Si 
substrate of [110] cuts and <1 10> bearing propagation, and the substrate of 
another side is LiNb03 of a 19-degree rotation Y cut and X bearing propagation. 
Elastic boundary wave device characterized by being a substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the device adapting the elastic 
boundary wave which spreads two sorts of different solid-states to lamination and 
these interfaces, and relates to the elastic boundary wave device which used Si 
substrate for one solid-state at the piezoelectric ingredient and another solid- 
state. 



[0002] 

[Description of the Prior Art] The surface acoustic wave device (SAW device: 
Surface Acoustic Wave Device) is known as one of the devices adapting an 
elastic wave better than before. This SAW device is used for the various circuits 
in the equipment which processes the radio signal in a 45MHz - 2GHz frequency 
band, for example, the band pass filter for transmission, the band pass filter for 
reception, the filter from a station, an antenna common machine, an IF filter, an 
FM modulator, etc. 

[0003] The fundamental configuration of this SAW device is shown in drawing 14 . 
it is shown in this drawing -- as - a SAW device - LiNb03 etc. -- the sinking 
comb-like electrodes (IDT:lnterdigital Transducer) 101 and 102 into which 
metallic materials, such as aluminum thin film, were processed by etching etc. 
are formed on the piezoelectric substrate 100, and it is constituted. And SAW103 
will be excited by piezoelectric substrate 100 front face if the electrical signal of a 
RF is impressed to IDT101. Excited SAW103 spreads piezoelectric substrate 100 
front face, reaches IDT102, and is again changed into an electrical signal in 
IDT102. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, a SAW device needs to 
make the free surface the front face of the piezoelectric substrate which is a 
propagation medium, in order to use the elastic wave which spreads a solid-state 
front face, a vacuum, or a gaseous interface, i.e., a solid-state front face. 
Therefore, in a SAW device, a chip cannot be covered by plastics mold which is 
used, for example for the package of a semi-conductor, but it is necessary to 
prepare the centrum for securing the free surface in the interior of a package. 
However, when it is made the structure which prepared the centrum in the 
interior of a package, there is a problem that a device becomes comparatively at 
an expensive price and large-sized. 

[0005] This invention copes with this situation, has a function equivalent to a 
SAW device, and aims at a miniaturization and a cost cut offering an easy elastic 



boundary wave device. 
[0006] 

[Means for Solving the Problem] In order to solve this technical problem, an 
elastic wave spreads two substrates to lamination and these interfaces, and the 
elastic boundary wave device of this invention uses one substrate as Si substrate, 
and it is the substrate of another side LiNb03 It considered as the substrate and 
these substrates were made into the combination which has the following cut 
sides and propagation bearings. 
[0007] 

(1) Si substrate : [001] cuts and <110> bearing propagation LiNb03 : A 175- 
degree rotation Y cut and X bearing propagation (2) Si substrate : [001] cuts and 
<1 10> bearing propagation LiNb03 : A 125-degree rotation Y cut and X bearing 
propagation (3) Si substrate : [001] cuts and <100> bearing propagation LiNb03 : 
A 133-degree rotation Y cut and X bearing propagation (4) Si substrate : [001] 
cuts and <100> bearing propagation LiNb03 : A 175-degree rotation Y cut and X 
bearing propagation (5) Si substrate : [1 10] cuts and <1 10> bearing propagation 
A LiNb03:19" rotation Y cut and X bearing propagation, i.e., an elastic boundary 
wave, are the elastic waves which spread the interface between two sorts of 
solid-states. The theoretical examination about existence of this elastic boundary 
wave is "theoretical examination of SUTONRI wave which spreads interface of 
ZnO and glass" (****** C) J65-C of Shimizu, Irino, etc., 1 1 , and pp.883-890. It is 
dealt with. In this paper, in order to excite an elastic wave to either at least 
among two sorts of solid-states, ZnO and another side whose one side of two 
sorts of solid-states is piezoelectric material have piezoelectric, and although the 
case of the combination of glass is dealt with, if the wave which the energy of an 
elastic wave concentrates and spreads to the interface of two sorts of solid-states 
exists, they can realize an elastic boundary wave device. 
[0008] this invention person etc. is newly Si substrate and LiNb03. It found out 
that an elastic boundary wave existed in the interface which made the substrate 
rival in the propagation analysis of an elastic wave. 



[0009] The analysis result is shown in drawing 4 , drawing 5 , and drawing 6 . 
[0010] this analysis -- Si substrate ~ [001] cuts - using - propagation bearing of 
a boundary wave - <100> of Si substrate or <1 10>, and LiNbomicron3 the case 
where chi shaft of a substrate is in agreement -- LiNbomicron3 It asked for the 
phase velocity, propagation loss, and electromechanical coupling coefficient (k2 : 
conversion efficiency from an electrical signal to an elastic boundary wave) of an 
elastic boundary wave by numerical analysis by making cut bearing of a 
substrate into a parameter. Drawing 4 is [ a propagation loss and drawing 6 of 
phase velocity and drawing 5 ] the analysis results of an electromechanical 
coupling coefficient. 

[0011] From this analysis result to Si[001] cut <110> propagation / 175" Y-chi 

LiNb03 A propagation loss isk2 at about zero in combination. It turns out that 

1 1 .6% and a large elastic boundary wave are obtained. 

[0012] Moreover, Si[001] cut <1 10> propagation / 125"Y-X LiNb03, Si[001] cut 

<100> propagation / 133" Y-chi LiNb03, Si[001] cut <100> propagation / 175"Y-X 

LiNb03 It also turned out that a propagation loss is set to about 0 also in 

combination. 

[0013] Furthermore, drawing is Si[1 1 1] cut <1 10> propagation / 19-degreeY-X, 
although omitted. Phase velocity in the combination of LiNbO 3 4.615 m/s and 
loss areK2 at about zero. It turned out that the elastic boundary wave used as 
9.8% is obtained. 

[0014] This invention is using Si substrate of the above-mentioned combination, 
and LiNb03 based on this analysis result, and enables propagation of the elastic 
boundary wave in these interfaces, a function equivalent to a SAW device by this 
- having - plastics mold etc. - a chip - a direct wrap - the elastic boundary 
wave device which can also carry other components [ things are possible and ] 
which can be further manufactured with the application of a semi-conductor 
process as it is, such as an active component, is realizable. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 



explained based on drawing. 

[0016] Drawing 1 - drawing 3 are drawings showing the configuration of the 
elastic boundary wave device concerning 1 operation gestalt of this invention, 
and drawing 1 is [ a front view and drawing 3 of a decomposition perspective 
view and drawing 2 ] the A-A view top views of drawing 2 . 
[0017] As shown in these drawings, this elastic boundary wave device 1 embeds 
a conductive ingredient in that slot 3, and forms the sinking comb-like electrode 5 
while it forms the dielectric film 4 which has the sinking comb-like slot 3 on the 
principal plane of the Si substrate 2, and it is LiNb03 on it. A substrate 6 is made 
to rival and it is constituted. 

[0018] The Si substrate 2 is not what lowered specific resistance as n-mold and a 
p-mold intentionally as usually used for the semiconductor integrated circuit, and 
in order to prevent the direct-current-leakage by the sinking comb-like electrode 5, 
it is desirable that it is high resistance more than 10-ohmcm. 
[0019] LiNb03 The area of the principal plane of a substrate 6 is smaller than the 
area of the principal plane of the Si substrate 2. For example, LiNb03 What is 
necessary is to stick the principal plane of a substrate 6 only on an effective field 
required in order that an elastic boundary wave may spread at worst. It is 
possible for this to carry other components, such as an active component 
mentioned later, in an exposure 7 among the principal planes of the Si substrate 
2. Moreover, LiNb03 Since the substrate 6 is comparatively expensive compared 
with the Si substrate 2, it can lessen a piezo electric crystal substrate ingredient, 
and can aim at a cost cut. However, LiNb03 It is also possible to make the same 
area of the principal plane of a substrate 6 and area of the principal plane of the 
Si substrate 2, and it is LiNb03. It is also possible to make area of the principal 
plane of a substrate 6 larger than the area of the principal plane of the Si 
substrate 2. 

[0020] As mentioned already, they are the Si substrate 2 and LiNb03. Either is 
adopted among the combination which has the cut side and propagation bearing 
of the following [ substrate / 6 ]. 



[0021] 

(1) Si substrate : [001] cuts and <110> bearing propagation LiNb03 : A 175- 
degree rotation Y cut and X bearing propagation (2) Si substrate : [001] cuts and 
<1 10> bearing propagation LiNb03 : A 125-degree rotation Y cut and X bearing 
propagation (3) Si substrate : [001] cuts and <100> bearing propagation LiNb03 : 
A 133-degree rotation Y cut and X bearing propagation (4) Si substrate : [001] 
cuts and <100> bearing propagation LiNb03 : A 175-degree rotation Y cut and X 
bearing propagation (5) Si substrate : [1 10] cuts and <1 10> bearing propagation 
A LiNb03:19" rotation Y cut and X bearing propagation dielectric film 4 are Si02. 
It is used. It is Si02 only at this oxidizing the principal plane of the Si substrate 2. 
It becomes possible to form. However, you may make it dare form other dielectric 
films 4. 

[0022] As for the sinking comb-like electrode 5, aluminum is used. However, it is 
also possible to use other conductive ingredients. The sinking comb-like 
electrode 5 is constituted by the sinking comb-like electrode 8 of a pair with 
which it counters for excitation, and the sinking comb-like electrode 9 of a pair 
with which it counters for reception. However, two or more these electrodes may 
be prepared, respectively. Moreover, a reflector may be prepared so that these 
electrodes other than the sinking comb-like electrode 5 may be inserted, for 
example. Furthermore, you may make it form acoustic material so that these 
electrodes may be inserted in addition to such an electrode, for example. 
Although the elastic boundary wave device concerning this invention is replaced 
with and used for the conventional SAW device in short and it is used for a filter, 
the delay line, a resonator, an oscillator, the circuit for analog signal processing, 
an amplifier, KOMBARUBA memory, etc., according to these applications, a 
specification, etc., the design change of the configuration of sinking comb-like 
electrode 5 grade is carried out suitably. 

[0023] Next, the manufacture approach of this elastic boundary wave device is 
explained. 

[0024] Drawing 7 is drawing for explaining 1 operation gestalt concerning the 



manufacture approach. 

[0025] First, it is for example, thermal oxidation processing on the Si substrate 70. 
Si02 film 71 of about 0.1-2 micrometers is formed ( drawing 7 (a)). 
[0026] Next, Si02 As opposed to the film 71, patterning of the sinking comb-like 
slot 72 is carried out by CDepsilon (Cemical Dry Ecthing) ( drawing 7 (b)). 
[0027] Next, Si02 The aluminum film 73 is fabricated by the spatter so that a film 
71 top may be covered ( drawing 7 (c)). 

[0028] Next, it is alphal film 73 front face Si02 It grinds until the film appears 
( drawing 7 (d)). 

[0029] Thereby, it is Si02. The electrode (sinking comb-like electrode 74) which 
embedded alphal in the slot 72 of the film 71 is constituted. 
[0030] Next, Si02 The principal plane and LiNb03 of the Si substrate 70 in which 
it solved film 71 and the dentate electrode 74 was formed Both front face is 
hydroxyl-group-ized by carrying out surface treatment of the principal plane of a 
substrate 75 for example, with peroxidation aqueous ammonia ( drawing 7 (e)). 
[0031] Next, the principal plane of the Si substrate 70 and LiNb03 The principal 
plane of a substrate 75 is made to opposite-**, and it is abbreviation. It heats at 
300 degrees C for about 1 to 2 hours ( drawing 7 (f)). 

[0032] The Si substrate 70 and LiNb03 which the OH radicals shown in two sorts 
of substrate front faces by this heat treatment join together, and H2 O separates, 
and are a dissimilar material A substrate 75 is directly joinable. In addition, 
whenever [ stoving temperature ] is abbreviation preferably. Although it is 300 
degrees C, it can consider as for 100-1000 degrees C. It is because the reaction 
which OH radicals combine below 100 degrees C is not produced and it may 
have a thermal bad influence on an element member above 1000 degrees C. 
[0033] thus, the direct junction between dissimilar materials is possible -- :, such 
as Eda, - "direct junction of piezoelectric material" Shingaku Giho US95- 
24.epsilonMD95- it is reported also to 20, CPM95-32. (1995-07), and pp.31-38. 
Si substrate and LiNb03 A substrate can be easily joined, as it is in said Eda's 
etc. report also by approaches other than the above. 



[0034] In the elastic boundary wave device formed through the above production 
process, since it can go away since a boundary wave is excited, and the tooth- 
form electrode 74 can be formed on the Si substrate 70, the manufacturing 
technology of the usual semiconductor device can be diverted to some other 
purpose as it is. 

[0035] In addition, with the above-mentioned manufacture approach, it is Si02. It 
is Si02 although the example which solves film 71 and forms the dentate 
electrode 74 in the Si substrate 70 beforehand was shown. It solves film 71 and 
is LiNb03 about the dentate electrode 74. It can form beforehand on a substrate 
75 and the elastic boundary wave device of the same structure can be 
manufactured also by the approach of sticking the Si substrate 70 and directly. 
[0036] Moreover, the configuration approach of others of the sinking comb mold 
electrode in the elastic boundary wave device of this invention is shown in 
drawing 8 . 

[0037] First, it is processing of ion milling etc. on the Si substrate 80. About 0.1-2 
micrometers goes away, and the gear-tooth-like slot 81 is formed ( drawing 8 (a)). 
[0038] Next, the aluminum film 82 is formed by the spatter on the Si substrate 80 
so that a slot 81 may be covered ( drawing 8 (b)). 

[0039] Next, the front face of the aluminum film 82 is ground until Si substrate 80 
front face appears ( drawing 8 (c)). 

[0040] Thereby, the electrode (sinking comb-like electrode 83) which embedded 
alphal in the slot 81 of Si substrate 80 front face is constituted. 
[0041] Next, the example which carried other components, such as an active 
component, in Si substrate is shown. 

[0042] Drawing 9 is LiNb03 so that the example may be shown, a sinking comb- 
like electrode (not shown) may be formed in the 1st field 121 of Si substrate 120 
principal plane and this may be covered. A substrate 122 is stretched. The 
integrated circuit 124 is formed in the 2nd field 123 which is an exposed region of 
Si substrate 120 principal plane. Functional devices, such as a programmable 
filter circuit component, can consist of one chips now thereby, for example. 



[0043] Drawing 10 and drawing 1 1 show the example which mounted the elastic 
boundary wave device shown in drawing 9 on the printed wired board, 
respectively. 

[0044] As shown in drawing 10 , the bonding pad 134 is formed in the 2nd field 
133 of Si substrate 132 principal plane of the elastic boundary wave device 131. 
This elastic boundary wave device 131 is carried in the position on a printed 
wired board 135, and the bonding pad 134 of the elastic boundary wave device 
131 and the bonding pad 136 prepared in the position on a printed wired board 
135 are connected by the bonding wire 137. And the resin seal 138 is carried out 
with polyimide, an epoxy resin, etc. so that these may be covered. 
[0045] Moreover, drawing 1 1 is another example, and as shown in this drawing, 
the through hole 144 which leads to the pad 143 on the back from the principal 
plane circuit section is formed in the Si substrate 142 of the elastic boundary 
wave device 141. This elastic boundary wave device 141 is carried in the position 
on a printed wired board 145, and the pad 143 of the elastic boundary wave 
device 141 and the pad 146 prepared in the position on a printed wired board 
145 are being connected by the bump 147. And the resin seal 148 is carried out 
with polyimide, an epoxy resin, etc. so that these may be covered. 
[0046] The elastic boundary wave device concerning this invention is used for a 
filter, the delay line, a resonator, an oscillator, the circuit for analog signal 
processing, an amplifier, KOMBARUBA memory, etc. And the filter equipped with 
these elastic boundary wave devices, the delay line, a resonator, etc. are used 
for a cellular phone, PHS, TV, etc. 

[0047] Drawing 12 is the block diagram showing the configuration of mobile 
communication devices, such as a cellular phone and PHS. As shown in this 
drawing, the received wave received through the antenna 151 is separated into a 
receiving system by the antenna common machine 152. After the separated input 
signal is amplified with amplifier 153, a desired band is extracted by the band 
pass filter 154 for reception, and it is inputted into a mixer 155. The station 
dispatch number oscillated with the PLL oscillator 156 is inputted into the mixer 



155 through the filter 157 from a station. The output of a mixer 155 is outputted 
as a receiving sound from a loudspeaker 160 through IF filter 158 and FM 
demodulator 159. On the other hand, the transmission sound inputted from the 
microphone 161 is inputted into a mixer 163 through FM modulator 162. The 
station dispatch number oscillated with the PLL oscillator 164 is inputted into the 
mixer 163. The output of a mixer 163 is outputted as a transmission wave from 
an antenna 151 through the band pass filter 165 for transmission, power 
amplification 166, and the antenna common machine 152. 
[0048] The elastic boundary wave device concerning this invention can be used 
for each part of this migration communication device. For example, the elastic 
boundary wave device concerning this invention is used for the band pass filter 
165 for transmission, the band pass filter 154 for reception, the filter 157 from a 
station, and the antenna common machine 152 as a filter of RF stage. The 
elastic boundary wave device concerning this invention is used for IF filter 158 as 
a filter of IF stage of a narrow-band indispensable to a channel channel selection. 
The elastic boundary wave device concerning this invention is used for FM 
modulator 162 as a resonator in audio FM modulation. 

[0049] The elastic boundary wave device concerning this invention can be used 
for the oscillator circuit of the RF modulator used for VTR or CATV etc. The 
circuitry is shown in drawing 13 . One chip can constitute this oscillator circuit 
from forming the sinking comb-like electrode 167 in the 1st field 121 of Si 
substrate 120 principal plane shown in drawing 9 , and forming the circuit section 
168 in the 2nd field 123. 
[0050] 

[Effect of the Invention] according to [ as explained in full detail above ] the 
elastic boundary wave device of this invention - a function equivalent to a SAW 
device - having - plastics mold etc. - a chip - a direct wrap - it also becomes 
possible to carry other components [ things are possible and ] which can be 
further manufactured with the application of a semi-conductor process as it is, 



such as an active component, and it becomes easy a miniaturization and to cut 
down the cost it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view showing the configuration of 
the elastic boundary wave device concerning 1 operation gestalt of this invention. 
[Drawing 2] It is the front view of drawing 1 . 
[Drawing 3] It is the A-A view top view of drawing 2 . 

[Drawing 4] It is drawing showing the analysis result of the phase velocity of the 
elastic boundary wave concerning this invention. 

[Drawing 5] It is drawing showing the analysis result of the propagation loss of 
the elastic boundary wave concerning this invention. 

[Drawing 6] It is drawing showing the analysis result of the electromechanical 
coupling coefficient of the elastic boundary wave concerning this invention. 
[Drawing 7] It is process drawing for explaining 1 operation gestalt concerning 
the manufacture approach of the elastic boundary wave device of this invention. 
[Drawing 8] It is process drawing showing other configuration approaches of the 



sinking comb mold electrode in the elastic boundary wave device of this invention. 
It is the front view showing other operation gestalten of the elastic boundary 
wave device of this invention. 

[Drawing 9] It is the perspective view showing other operation gestalten of the 
elastic boundary wave device of this invention. 

[Drawing 10] It is the front view showing the example which mounted the elastic 
boundary wave device of this invention on the printed wired board. 
[Drawing 11] It is the front view showing other examples which mounted the 
elastic boundary wave device of this invention on the printed wired board. 
[Drawing 12] It is the block diagram showing the configuration of the mobile 
communication device with which the elastic boundary wave device of this 
invention is used. 

[Drawing 1 3] It is the circuit diagram of the oscillator circuit of the RF modulator 
with which the elastic boundary wave device of this invention is used. 
[Drawing 14] It is the perspective view showing the fundamental configuration of 
a SAW device. 
[Description of Notations] 

1 Elastic Boundary Wave Device 

2 1st Substrate 

3 Sinking Comb-like Slot 

4 Dielectric Film 

5 Sinking Comb-like Electrode 

6 LiNb03 Substrate 

7 Exposure 
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[Drawing 5] 
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[ \m? mm ] m u & - l * ri < -f ao lot lt 

WttSfflifc'7W X ( SAWfAM X: Surface 
A c o u s t i c Wa v e D e v i c e ) frl-lwi 

45MHz~2GHz <nmfflffim,Z& ft l> Mlff^ 

Mat-sgMt^its^aM. miimim^y w 

[00 03 ] HI 4t;oSAWrV^XA)S*WSfiSc 
£*-f. PHafc^-fi^tSAWr^Wxii, LiNb 

o 3 mnwmmn 0 o±tA 1 mmmn&mm 
x-y^-y^ci 0imL3t< L««ms (idt: i 

nterdigital Transducer) 10 

i, 1 02mmxm^tih. ^tx. idtioi 

ICSAWl 0 3£«g£tll> o mmZtltzSAWl 0 

3 £i. j±€tts« i o ommamix idtio2c 

aU i dt l o 2ttsuTSIX«St^#fc:3aft3^ 

6. 

[0004] 

mmmmikoti-mm] tz%x\ sawt^ 

•)T, SAWrV^X^fc^T(i, mm^WfaCD^'y 

[0005] *%m&. frfrmmznmi. sawt 
mmm&m®."f>^x*w&$& ztz smt ix 

[ 0 0 0 6 ] 

[fHI^S^S/ife^S] ^^S^^ftl^l.^ 
ft. *^A)^ttit^rV^X(±. 2ftA)S«^^D 

x . -ucomm.it s i MMt i. ffiTjoiiSL i n b 

0 3 3Mt ^o;ft^<7)S«£ii[Tc7)X7 >y bHfcfe 
[0007] 



( 1 ) s imm 

LiNbOj 

( 2 ) si mm 

L i Nb 0 3 

( 3 ) si mm 

LiNbOj 



[ o o l ] 3d «y h*»o< i i o >^rfifsii 

17 5° 0KY^ -y h^XMfel 

[ooi]*7 hiro< l l o >*fifeffi 

12 5° 0S5Y* -y b^X^figJi 
[001]*-y hfrO< 1 0 0 >*fifeffi 

13 3° IHfeY* -y b^X^fifeffi 



( 3 ) 



SSFP 10-84247 



( 4 ) s i mm 

LiNbO ; 

( 5 ) S i MM 
LiNbO; 

mmx% *) . z ^?mmwmmnzm^-immtc 
mm. mum*, xmm^ tznotmwtm 

(C) , J65-C, 11, pp. 883-890 izXWOSibtlX^ 
htlXi^tti\ 2WM^o^'}?ts:< b t>ii^ 

jEttimmmwMfru x zmL-tt z 1 tp-c* & . 

[00 08] #3&BJ^(i, ffc t S i M?h L i N b 

o 3 as^^s o s ; 

[ 0 0 0 9 ] tM4 , H5S.WM6^^^|}WS**^ 

-t. 

[ooio] icomvfxn, s i mmz [0011*7 
b zm\ mxmcoffls&itiLtfs i wm< 1 0 0 > t 

L < ti< 1 1 0 > t l i n b o 3 »oxw-itf £ 

inCo^t L i N b 0 3 S^<7)*-y b^Tfi^^^- 

*) zmmmzx^tbfz, ®4iamm&. msu 
® 6 nmwrnm^mmmm^xh h . 

[0011] ;«Sf£B>^, Si [001]*yb 
< 1 1 0 175° Y- X L i N b 0 3 Ofl^r 

irfrTSWIB^lIff 0 X k 2 Ul. 6% f: v *3M£* 

[0 0 12] ifc. Si [0 0 1 ] *7 b<l 1 0>fe 
fflt/ 125° Y-X LiNb0 3 , Si [001]*7 
b<l OOXSffi/ 133° Y-X LiNb0 3 , Si 
[00 1]*7h<100>fil/175° Y-X Li 

n b o 3 com^h^Thmmtm'kMmo t%&zk 
[ 0 0 1 3 ] mz. mixm-tz&s i [1111*7 

b < 1 1 0 >fsli/ 19 ° Y — X LiNbO 3 «I^ 

b^tximmmtf 4.6i5m/ s . tssfemBro-cK 2 # 

9. 8% f: & S PMi^#ifc&*S§ £>*U Z t -fflfrr, It . 
[0014] *|£HM, j^&jB&r*£|£fcS-3#±fEa 
S iSSfcL i Nb0 3 

( 1 ) s i mm 

LiNbO, 

( 2 ) s i mm 

LiNbO, 

( 3 ) s i mm 

LiNbO; 



[ 0 0 1 ] * v hin< 1 0 0 >umm 

17 5° UPEY* 7 b^XMlfeffi 

[ 1 1 0 ] * -y hi&*o< 1 1 0 >umm 
1 9 ° @teY* y hfr^xumm 

zti^mmx^mm^mim^mtt^ to 

L. Tyxf-y V^t-jv b'^T'f- >y T^Eff S 5 £ t # 
»J1gT\ §6fcWfrTn**£^i£®fflLTlSii 
■t" h Z k ifflffi-Ctro TJ^ri /iffoffiotf m 

mth z t t>T%mK&m%mT>u zzmx* h . 

[0015] 

^T»tS 0 

[ o o 1 6 ] m i -®3\i^wm-mmmn\<z\%hM 

£W1I2L H2iiIEHH. g]3(iEl20A-A^lTHH 

[0017] d^«^-f i a iz, z-cowmm. 

T'U XKi, S i S« 2 «±ffi±t < L#4&9;» 3 $■ 

Nbo 3 mme^m^h^xm^tii . 
[ooi8] s i ^mfammm&zwnm^ 

£ Tff fc fc OTIi^r < . < L#««ffi 5 J: S 
»h.*B&<*fe«>H 1 0 £2 c mJ^UiiOBffiffiTft S i t 

[0019] L i N b 0 3 MM6<7)±m<7)m9M. S i 
«M20±ffi^ffiffiJ: l 9/h$V\ flJi.if, LiNbOg 

WiM^mm^zm o mnizi; <- \ ;u i. y s 

i isM 2 oiiiiic) :) mm 7 (■;: . ffif f?. T? ~r < :/ 
^W^ffi^^Sr^itr 5 - ^'^Tfc S „ t fz . 

LiNbo 3 i«6iisiii2h ^mnmrnxh 
hztfrt>. wmkwm®*'>% < T"^ 3xi ?v y 

£f&&Z.b1PC%h. LiPb. LiNbOg SK6^± 
Zk^mXhtL. LiNbOg SS6 0±HOH» 

i£M2(7)3Lm^mmx^±^<t^zkh«imx 

[00 20] JSBiUfc.fcdfcS iSm2t5XV ; L i Nb 
iifcT, [002 1 ] 

[ooii^'y h *>o< 1 1 o >^mm 

17 5° 0KY* 7 h^XMfel 

[0011*7 hiro< 1 1 o >1jmm 

12 5° 0S5Y* 7 b^X^fifeJi 

[oon*7 ht*o< i o o >ijmm 

13 3° [MlteY* 7 b^X^fifeffi 



(4) 



SSFP 10-84247 



( 4 ) s i mm 

LiNbO ; 

( 5 ) S i MM 
LiNbO; 

mmm\i. mmsio 2 &m^t>ti&. ztuzx 

0 s i sm^mznimwt&tmx-s i o 2 %m 

[0 0 22] < Lft«mS5{i:, M^ti'A 1 #ffl^£>ft 
9tte£t)m$L%tih« U>U ;ft£><7)m«£^ft^ 

tmmmx lxw ttz. < i mtm& 5 ^mzmt 

S AW-fV ^ X t-fU T ffl V ^ft & t COTS) o T , 

?%to*>y 4 tut . mm. &n&. Ttny 

[ 0 0 2 3 ] iw; , zm&mmtu x<rmknm 
[0024] H7 a^commirmmt-mimmm 

[ 0 0 2 5 ] £1\ Si 7 Oi^M^iimitibMH 
tiO 0.1- 2jumgi£^S i0 2 jg7 l^jattfi 
(07 (a) ) . 

[0 0 2 6] Si0 2 Jg71fc**U WX-lfCD 

E (Cemical Dry Ecthing) \Z X D < Lm^M 7 2 £rt 
9~-y?'~fh (07(b)). 

[0 0 27] J^t, Si0 2 jg7 1_h&Soidtm 
(i'X^y I; 9 A 1)1 7 3 £fi!cff^§ (07 

(c) ) . 

[ 0 0 2 8 ] mz. A 1 H7 3Hffi£ S i 0 2 i^'ilft 
SlfeTSfg-tS (07 (d) ) „ 
[0 0 29] .ItazX 0 , S i 0 2 ffl£7 1 «?S7 2 fcA 

1 £±itoiwim« ( < L#«ms7 4 ) ^w^ft 



[ 0 0 1 ] A «y b^o< 1 0 0 >2Tftfai 
17 5° EKY* -y h^oX^&fcSi 
[110]^7 hiO*o< 1 1 0 >^ftfi« 

1 9 • mm a v hfr^xumm 

0 Hwm±m& t h 2 otmm i . mm®?$> h s 

1 S«7 0 L i N b 0 3 SS75fc £ ffifft^f £ £ 

t mm&m±. tm i<im 3oo°ct 

100— vmC<7)f§k-t&Zlk&T%&. 100°C 
mTTfiO HS|sl±^^-r S£UE££ t £ V ^ L , 1000 

[ o o 3 3 ] ^ j: o mmmmcommm^mm? 

95-24. E MD 95-20, C P M95-32. (1995-07) , pp. 31-38fc 
MB£3ftTV^. SiliaiNb0 3 Stetfii: 

[0034] &±mwxnmx&f$ztitz$mm%- 

[0035]^, IMSmfim-Cii. Si0 2 171 

b < imwm 7 4 i ate 7 0 tffMt-sM^ 

SLfctf, S i 0 2 JR7 1 fc< LiPK€ffi7 4£L i N 

bo 3 ate7 5±t^*6ffML, siate7otE©5i 

[ 0 0 3 6 ] ifc, *5KHW»ttJ9HHftr^-f ^tiJtt 
[0037] t-f. siifi80±w^ys'jy/f 

Wjnl^i 0 0.1- 2^mSIO< Ll[«o?i8 1 

(18(a)). 
[0 0 38] mz, S8 1^So J;5tSiate8 0± 

£a 1 Ms 2 mim^y ?mizx mmth (08 

(b) ) . 

[00 39 ] Mz^ AH8 2«iffi^Sil«8 0i 
WmSJtSfltS (18(c)). 

[0040] ztazx 0 . s i ates o^Ho?f 8 1 1 
a 1 ( < imtnms 3 > 



[0030])«:, S i 0 2 M7 1b< Lm'-\mm7 4 

^'jfm $ ft*: s i ate 7 o coiiaatf l i n b o 3 ate 

■tSCifctiO, M^Hffi^7j<Mtt-|> (07 

(e) ) . 

[003 1] mz. Siit7 0«±ItLiNbO 3 

ate7 5<7)£mt£imzit. m wc-ci-2B#^g 

SMfe-tS (07 (f ) ) . 

[0032] Mphmsmzi. o 2M(v&Mmmizfo& 



[ 0 0 4 1 ] &(•!, S i WttZT ? -t < 7%+*$?.m?) 
[0042] 09(i^c?)-M^^LTfe 1 9. Siatel 

2 o nmcoM i com® 1 2 1 < Ls^ms (0* 
tf ) ;ft^saiatLiNbo 3 ate 

1 2 2^0^§ftTUl> o siatei 2 0±H^)S 
EB^«t*ft5S20ffi«l 2 3tli, «»@1E^1 24** 
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[0043] Hi ORUm 1 1 (409 Kij?Lfc3*tt»& 

Sf^^Jr^ y M^Jitll^L^j&^^m 

[ 0 0 44 ] Hi 0 fc^i 3 fc, 5ftt^lf*rA>f X 

I 3 1 OS i 1 3 2±H^H2<7)fS« 1 3 3 £(4, 
*>f^/^7 K 1 3 4^7FM£ilT^£ 0 7°U y h 

ffinsi 3 stem^mmzzem^'m-^'Ux 
1 3 1 mmzti. mmw&Tru «*>t 
4 y 1 3 4 fc y y y Mens 1 3 5±<z>bt5Sz> 
fiEtfSttt^^'yrV y^v^y h i 3 6 1 #*>t 
^yy'W^-i 3 7tiO©^iiT^S. ^LT, z. 

[OO45]t*l,011 0 , [SJHt^-t 

4d(y ^tt^lftfer^M * 1 4 icos i*Sl42t 
(i±H0SMU D»^7 K l 4 3£fit6y/t--* 
-;H44iW§iiti4„ 7°yyME*8«U4 5± 
OFJtSOfiat-0^tt»^rV^ X 1 4 1 jfgJ3 
ft, 3¥ffi»#j£T^M X1410A" 7 n43t7 U y 
MM14 5±OFJtSOfi*^!S(t^^^y K 1 4 

fito^Wo =fc ofc^LM S K^x^yjSfll^t i 9$ 
[0046] *|g^tflS4aitt«l?ifeTA>f ^(i, 

if7^?, 4±^&, shis, r^nyfi^ 

MI, 44»l?(4, fiMS, phs, TVft 

[ o o 4 7 ] m 1 2 (i^mis, p h s mmmmmt 
ty ryfti 5 l^LT^fiUeSfi^tt, ryf 

yftffl^ 1 5 2 4 9 Sfl^ fc#»t § ft £ „ ft£ 

5lfffi^(4, ryri 5 3t;iDm*M$ti^f*. Sfiffl 

ft, S^-fl 5 SfcATJ^ftS, S^tfl 5 5fc(4, P 
L L|£S^ 15 6^4 9l§fi$ft^MISff^ ; MI£7 4 
;^1 5 7£^LTA7J$ftTV^ 0 5 5<Dft 

71(4, IF7^^158, FMfilHtll 5 9S:#LT 
Xb-^1 6 0 4 Dgfl^fc LTft7J§ftl> 0 V 
4 7 1 bl i. OATJ^ft^iltSWtt, 6 2 

Srtf-LTS^-fl 63tA7J§tLS 0 1631: 
(4, P L LUS^ 1 6 4 fci DS&JISflfcMllfl^tfA 

5^-9-1 6 3 oai7j(i, jififfl^>K^° 

X7^^165, ^'7-7y716 6M7yft* 

mm 5 2S:^tTryT7-i 5 1 iosft^fctTm 

7l£ftl>o 

[0048] *^0fl^l>^tt±«^T7^ X(4, £<Z> 

I I m ii ft g^o#gpt;ffifflt- 1> - 1 #t £ s . m. (f , 



}IflfflA> A )V7 16 5, Sftffl^'y PU7 

4)V915 4* fifty 4)V91 5 7RX/7yTi-JtfB%§ 

1 5 2t3±, *miizmmmffi£f'U ztfRF& 

<T)7A)V7b LXmhtlh* IF7^^158t(l 

pggi 6 2ti4, *mv,zmww%m.T>vxm 

[0049] *3fcE£ffiS#tt^#&TA>f ^(4, VT 
R^CATVCfflU ^SRFt^l/-^ 
^ttffl^SClfc^-C^S. ^@S#fi«01 3fc^ 
-f. 09 t^Lfc S i SS 1 2 0 ±ffiOi? 1 Oflii 1 2 

1C< Lft^mSl 6 7 SrJFML, SS2^S«1 2 3t 

0S^gp 1 6 8 fM-r h z t x\ z (nmmnz 1 f - -y 

[0050] 

jSr^M y t4fdf , S AWtaM y i: 

l, 757f 7 7 ^-^ mxi- v rmtm ozt & 
^mx, z ^z^mfoTv-tzzzcDttmmixwm 

[HH^ffim^!^] 

[HI ] *II^^SItMt«4Wtt«»»T^-f ^ 

[H2] Hl^IEHHT-fcS. 

[ H 3 ] H 2 £7) A - A^ITHH-C-fe h . 

[013 ^^^(il^^^m^oftWgrKoffWg^ 

[05 ] *^Hj^§^tt^^ofSffi#AO»lf/fSS 

[H6 ] *^0J(c«S^[4ii^o€M»IS^^O 

[07 ] wjowttii^TV^ 7,ommsmz\%h 
-wtemsmsth r^^xmmxh h « 
[08] *mi0mm®^K4Mz.mh< tmm 

[09 ] *m&m&.m$tikTW xnmnmmm* 
^mmmxhi. 

[Hio] *%m<mmizmTJ uzzrv>h mm 

Utlzmk LtzMZ ^JEHHT'fe h . 
[ H l l ] *^0J!o^tt±«^TV ^ y ^ y y y b 

[Hi2] ^m^mm^-m'ru ^tim 

[013] *^o5¥tt±t^T7syx^fflv^^i,R 
F t y^. l^-^^«0ff^0^HT"fe !> . 

[Hi 4 ] saw^ju x^mMm&^tmnmx 
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(72) ^BJ^ If* fifth. 

^fif^lirfl^ftffi4 -31~ 1 -411 



